Introduction {#sec1}
============

Recent advances in dioxygenation of alkenes have led to the development of effective methods for the construction of regioselective C--O bond formation.^[@ref1]−[@ref3]^ From an industrial standpoint, the use of air or molecular oxygen as an oxidant is attractive for this synthetic goal as it is readily available and environmentally benign.^[@ref2]^ Transition-metal-catalysts have been considerably explored for this purpose.^[@ref3]^ In contrast, metal-free protocols are rare, which are valuable from an economical and environmental viewpoint.^[@ref4]^ Alexanian and co-workers reported dilauroyl peroxide-catalyzed dioxygenation of alkenes with hydroxamic acids and molecular oxygen to afford β-oxyamine alcohol at moderate temperature ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}a).^[@cit4b]^ More recently, Adimurthy and co-workers demonstrated phenyliodonium diacetate-mediated dioxygenation of alkenes with hydroxylamines and molecular oxygen to give β-keto alkoxyamines at room temperature ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}b).^[@cit4e]^ These strategies provide an efficient synthetic tool for a selective radical 1,2-dioxygenation of alkenes. Herein, we report a simple, general, and efficient dioxygenation of alkenes with *tert*-butyl nitrite (*t*BuONO) and *N*-hydroxylamines using air to afford β-aminoxy nitrate esters at room temperature via tandem C--O and O--N bond formations, which are important functional scaffolds of natural products^[@ref5]^ and biologically active compounds^[@ref6]^ ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}c and [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@ref7]^ The selectivity, broad substrate scope, and functional group diversity are the important practical features. The nitrate esters can be further converted into 1,2-diols and 1,2-diketone that are versatile building blocks in organic synthesis.

![Examples of important nitrate-ester drugs: (a) GTN, (b) ISDN, and (c) ISMN.](ao-2017-01111u_0015){#fig1}

![Metal-Free Aerobic Dioxygenation of Alkenes](ao-2017-01111u_0001){#sch1}

Results and Discussion {#sec2}
======================

Initially, the optimization of the reaction was performed using 4-methylstyrene **1a** with *N*-hydroxyphthalimide (NHPI) **2a** as a model substrate in the presence of *tert*-butyl nitrite (*t*BuONO) under ambient conditions ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). Gratifyingly, the dioxygenation efficiently occurred to furnish nitrate ester **3a** in 63% yield along with peroxide **4a** (5%), alcohol **4a′** (6%), and ketone **4a″** (7%) as byproducts at 24 h in 1,2-dichloroethane (entry 1). Subsequent screening of the solvents led to an increase in the yield of **3a** to 69% using chlorobenzene, whereas dichlormethane, toluene, CH~3~CN, tetrahydrofuran (THF), dimethylformamide (DMF), and dimethyl sulfoxide (DMSO) furnished inferior results (entries 2--8). Varying the amount of 4-methylstyrene or *t*BuONO led to drop of the yield to \<61% (entries 9--12). The reaction with oxygen balloon was less selective compared to that using air (entry 13). The use of N~2~ led to the formation of **3a** in a trace amount (entry 14).

###### Optimization of the Reaction Conditions[a](#t1fn1){ref-type="table-fn"}

![](ao-2017-01111u_0014){#fx1}

                             yield (%)[b](#t1fn2){ref-type="table-fn"}                   
  ---- ----- --------------- ------------------------------------------- ------- ------- -------
  1    2     (CH~2~Cl)~2~    63                                          \<5     6       7
  2    2     CH~2~Cl~2~      59                                          trace   10      12
  3    2     chlorobenzene   69                                          trace   \<5     \<5
  4    2     toluene         53                                          5       11      16
  5    2     CH~3~CN         42                                                  trace   16
  6    2     THF             55                                          trace   11      15
  7    2     DMSO                                                                        trace
  8    2     DMF                                                                         trace
  9    3     chlorobenzene   61                                          trace   5       12
  10   1.5   chlorobenzene   47                                          trace   trace   12
  11   2     chlorobenzene   60[c](#t1fn3){ref-type="table-fn"}          trace   10      13
  12   2     chlorobenzene   58[d](#t1fn4){ref-type="table-fn"}          trace   trace   trace
  13   2     chlorobenzene   62[e](#t1fn5){ref-type="table-fn"}          trace   12      18
  14   2     chlorobenzene   trace[f](#t1fn6){ref-type="table-fn"}                        

Alkene **1a** (1.0 mmol), NHPI **2a** (0.5 mmol), *t*BuONO (1.0 mmol), solvent (2 mL), air, rt, 24 h.

Isolated yield.

3 equiv *t*BuONO used.

1.5 equiv *t*BuONO used.

O~2~ balloon.

N~2~ balloon.

Having optimized the reaction conditions, the scope of the procedure was studied for the reaction of a series of alkenes ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Styrene **1b** underwent oxidation to give nitrate ester **3b** in 58% yield. The reaction of styrenes bearing substitution at the 2-position of the aryl ring with chloro **1c** and methyl **1d** groups produced dioxygenated derivatives **3c** and **3d** in 60 and 62% yields, respectively. Styrenes having substitution at the 3-position with bromo **1e**, methoxy **1f**, methyl **1g**, and nitro **1h** functionalities afforded nitrate esters **3e**--**h** in 47--66% yields. Similar results were observed for the styrenes containing substitution at the 4-position with bromo **1i**, chloromethyl **1j**, chloro **1k**, and phenyl **1l** groups, giving dioxygenated structural scaffolds **3i**--**l** in 57--65% yields. Disubstituted styrene such as β-methylstyrene **1m** oxidized to nitrate ester **3m** as a 18:1 mixture of diastereomers in 61% yield, whereas *trans*/*cis*-stilbenes **1n**--**o** underwent dioxygenation to give nitrate ester **3n** as a 17:1 diastereomers in 56 and 51% yields, respectively. In contrast, trisubstituted styrene, *tran*s-α-methylstilbene **1p**, showed no reaction, which may be due to the steric effect. However, 2-vinylnapthalene **1q** oxidized to nitrate ester **3p** in 61% yield.

![Reaction of Aryl Alkenes^,,^\
Alkenes **1b**--**u** (1.0 mmol), **2a**--**c** (0.5 mmol), *t*BuONO (1.0 mmol), chlorobenzene (2 mL), air, rt.\
Isolated yield.\
Accompanied \<5% of ketones and alcohols.\
*trans*-Stilbene used.\
*cis*-Stilbene used.](ao-2017-01111u_0006){#sch2}

The scope of the procedure was extended to the reaction of *N*-hydroxybenzotriazole (HOBt) **2b** ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Styrene **1b** oxidized to furnish ester **3q** in 51% yield. A similar result was observed with **1f** bearing a methoxy group at the 3-position of the aryl ring, affording **3r** in 57% yield. The reaction of styrenes having substitution at the 4-position of the aryl ring with acetoxy **1r**, bromo **1h**, chloromethyl **1j**, chloro **1k**, fluoro **1s**, methyl **1a**, phenyl **1l**, and PINO **1t** functional groups furnished the corresponding nitrate esters **3s**--**z** in 47--58% yields. In contrast, α-methylstyrene **1u** underwent reaction with HOBt to produce a trace amount of target nitrate ester **3aa** along with alcohol **4b′**([@cit3g]) in 48% yield and nitroalkane **5** in 26% yield. In addition, β-methylstyrene **1m** and *trans*-stilbene **1n** underwent dioxygenation to give nitrate esters **3ab** and **3ac** in 52 (dr = 5:1) and 47% (dr = 17:1) yields, respectively. Styrenes bearing electron-donating substituents exhibited greater reactivity compared to that of those bearing electron-withdrawing substituents due to the greater stabilization of the benzyl radical. The procedure was further extended to the reaction of *N*-hydroxysuccinimide (NHSI) **2c**. These reactions produced the nitrate esters in good yields. For example, dioxygenation of styrene **1b** and 4-methylstyrene **1a** was studied as the representative examples. The reaction occurred to give nitrate esters **3ad** and **3ae** in 57 and 59% yields, respectively.

Next, the scope of the procedure was studied for the reaction of cyclic alkenes ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Pleasingly, the oxidation efficiently occurred to produce the corresponding nitrate esters in good yields. For example, the reaction of 1,3-cyclohexadiene **1v** and indene **1w** with NHPI and HOBt furnished nitrate esters **3af**--**ai** in 42--49% (dr = 10:1--20:1) yields. Recrystallization of **3ag** in CH~2~Cl~2~ gave a single crystal, whose structure was determined using X-ray analysis (see the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.7b01111/suppl_file/ao7b01111_si_002.pdf)). In addition, 1-norbornene **1x** underwent reaction with HOBt to provide nitrate ester **3aj** in 47% yield as a 14:1 mixture of diastereomers.

![Reaction of Cyclic Alkenes^,,^\
Alkenes **1v**--**x** (1.0 mmol), **2** (0.5 mmol), *t*BuONO (1.0 mmol), chlorobenzene (2 mL), air, rt.\
Isolated yield.\
Accompanied \<5% alcohols and ketones.](ao-2017-01111u_0002){#sch3}

The procedure was further investigated for the reaction of alkyl alkenes ([Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}). The reaction of 1-octene **1y**, 1-decene **1z**, and 1-dodecene **1aa** with NHPI furnished nitrate esters **3ak**--**3am** in 28--32% yields. Vinyl acetate **1ab** underwent reaction with NHPI to provide nitrate ester **3an** in 35% yield. The reaction of 1-octene **1y** and 1-decene **1z** with HOBt afforded nitrate esters **3ao** and **3ap** in 26 and 29% yields, respectively. The greater reactivity of aryl substrates compared to that of the alkyl one may be due to the stabilization of benzyl radicals in the case of aryl alkenes that are formed during the course of dioxygenation as the intermediates.

![Reaction of Alkyl Alkenes^,,^\
Alkenes **1y**--**ab** (1.0 mmol), **2** (0.5 mmol), *t*BuONO (1.0 mmol), chlorobenzene (2 mL), air, 48 h, rt.\
Isolated yield.\
Accompanied trace amounts of alcohols and ketones.](ao-2017-01111u_0003){#sch4}

The utility of the protocol was investigated for the gram-scale synthesis having 4-methylstyrene **1a** with NHPI **2a** as a representative example ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}). The oxidation took place to produce target nitrate ester **3a** in 55% yield. The nitrate esters can be readily converted into medicinally important β-aminoxy esters^[@ref8]^ via hydrolysis ([Scheme [6](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}.)^[@ref9]^ For example, nitrate esters **3a**, **3b**, and **3k** underwent reaction with hydrazine hydrate to produce β-aminoxy nitrates **6a**--**c** in 79--85% yields.

![Gram-Scale Synthesis](ao-2017-01111u_0007){#sch5}

![Synthesis of β-Aminoxy Nitrate Esters](ao-2017-01111u_0010){#sch6}

The nitrate esters can be further transformed to 1,2-diols using Mo(CO)~6~ in high yields ([Scheme [7](#sch7){ref-type="scheme"}](#sch7){ref-type="scheme"}).^[@cit10a]^ For example, nitrate esters **3a**--**b**, **3e**--**f**, **3k**, **3n, 3p**, and **3ag** underwent reaction to give 1,2-diols **7a**--**h** in 72--86% yields.^[@cit10b]−[@cit10d]^ Similar results were observed with **3ad** and **3ae**, affording **7a** and **7e** in 77 and 81% yields, respectively. The nitrate ester can also be converted into the 1,2-diol using Zn/AcOH ([Scheme [8](#sch8){ref-type="scheme"}](#sch8){ref-type="scheme"}).^[@cit4b]^ For example, nitrate ester **3x** underwent reaction to produce 1,2-diol **7e** in 78% yield.

![Synthesis of 1,2-Diols Using Mo(CO)~6~^,^\
**3** (0.25 mmol), Mo(CO)~6~ (0.25 mmol), Et~3~N (3.75 mmol), CH~3~CN/H~2~O (2 mL), 18--26 h, 80 °C.\
Isolated yield.\
Diol obtained from breaking of the PINO bond.\
Diol obtained from breaking of the SINO bond.](ao-2017-01111u_0008){#sch7}

![Synthesis of 1,2-Diol Using Zn/AcOH](ao-2017-01111u_0004){#sch8}

Finally, the cleavage of the N--O bond of the nitrate esters was screened using Mo(CO)~6~ ([Scheme [9](#sch9){ref-type="scheme"}](#sch9){ref-type="scheme"}).^[@cit10a]^ The reaction efficiently occurred to produce the 1,2-diols in high yields. For example, β-aminoxy nitrates **6a** and **6c** underwent reaction to produce 1,2-diols **7a** and **7e** in 80 and 82% yields, respectively. The nitrate ester can further be transformed into 1,2-diketone in high yield ([Scheme [10](#sch10){ref-type="scheme"}](#sch10){ref-type="scheme"}).^[@cit3b]^ For example, the reaction of **3n** with triethylamine afforded benzil **8** in 86% yield.

![Synthesis of 1,2-Diols from β-Aminoxy Nitrates](ao-2017-01111u_0012){#sch9}

![Synthesis of Benzil](ao-2017-01111u_0009){#sch10}

To get insight into the mechanism, the reaction of **1a** was carried out in the presence of TEMPO as a representative example ([Scheme [11](#sch11){ref-type="scheme"}](#sch11){ref-type="scheme"}a).^[@ref11]^ The reaction produced adduct **9** as a sole product, and the formation of the nitrate ester was not observed, which suggests that the reaction may involve a radical pathway. In addition, peroxide **4a** was prepared and subjected to the standard reaction. The reaction took place to afford nitrate ester **3a** in 65% yield, which indicates that the reaction proceeds through the formation of the peroxy intermediate ([Scheme [11](#sch11){ref-type="scheme"}](#sch11){ref-type="scheme"}b). Furthermore, the ^18^O labeling experiment of **1a** with **2b** produced **3x′**, which reveals the incorporation of two labeled oxygen atoms in the product ([Scheme [11](#sch11){ref-type="scheme"}](#sch11){ref-type="scheme"}c). Thus, the reaction of *t*BuONO with R~2~NOH may produce R~2~N-O^•^ radical ***a*** under air ([Scheme [12](#sch12){ref-type="scheme"}](#sch12){ref-type="scheme"}).^[@ref12]^ Addition of ***a*** with alkene can give secondary radical ***b***, which with oxygen (from air) may generate peroxy radical ***c***. The latter with *t*BuONO can produce the *t*BuO^•^ radical and peroxo species ***d***. Homolysis of ***d*** may lead to the formation of alkoxy radical ***e*** that can react with the NO~2~^•^ radical to yield the target nitrate ester **3**. Radical ***c*** may react with R~2~N-OH to give peroxide **4a**, whereas alkoxy radical ***e*** with R~2~N-OH may lead to the formation of alcohol **4a′** that can oxidize to ketone **4a″**. In these reactions, *t*BuONO with air acts as a radical initiator and NO~2~ source.

![Control Experiments](ao-2017-01111u_0005){#sch11}

![Proposed Reaction Mechanism](ao-2017-01111u_0013){#sch12}

In summary, a metal-free direct dioxygenation of alkenes is described with *t*BuONO and *N*-hydroxylamines using air as the oxidant at room temperature. The broad substrate scope and functional group diversity are the important practical features. The nitrate esters can be converted into 1,2-diols and 1,2-diketone. This study may open an avenue for the development of new synthetic strategies for the construction of diverse nitrate esters that are important in biological and medicinal sciences.

Experimental Section {#sec3}
====================

General Information {#sec3.1}
-------------------

Alkenes, *N*-hydroxyphthalimide (97%), *N*-hydroxysuccinimide (98%), *tert*-butyl nitrite (90%), 2,2,6,6-tetramethylpiperdine-1-oxyl (99%), molybdinumhexacarbonyl (98%) of Aldrich, *N*-hydroxybenzotriazole (98%) of Spectrochem, hydrazine hydrate (90--100%) of Merck, and zinc dust (90%) of Rankem were used as received. Styrene 2-(4-vinylphenoxy)isoindoline-1,3-dione was prepared according to the literature.^[@ref9]^ Merck silica gel G/GF 254 plates were used for analytical thin-layer chromatography (TLC). Rankem silica gel (60--120 mesh) was used for column chromatography. DRX-400 Varian and Bruker Avance III 600 spectrometers were used for recording NMR (^1^H and ^13^C) spectra using CDCl~3~ as a solvent and tetramethylsilane as an internal standard. Chemical shifts (δ) and spin--spin coupling constant (*J*) are reported in ppm and in Hz, respectively, and other data are reported as follows: s = singlet, d = doublet, t = triplet, m = multiplet, dd = doublet of doublet, and br s = broad singlet. Melting points were determined with a Büchi B-540 apparatus and are uncorrected. Fourier transform infrared (FT-IR) spectra were collected on a PerkinElmer IR spectrometer. For recording mass spectra, a quadruple-time-of-flight electrospray ionization mass spectrometry (Q-Tof ESI-MS) instrument (model HAB 273) was used. Single-crystal X-ray data were determined using a Bruker SMART APEX-II CCD diffractometer, which is equipped with a 1.75 kW sealed-tube Mo Kα irradiation system (λ = 0.71073 Å) at 298(2) K. Using SHELXL-97 (Göttingen, Germany), the crystal structure was solved by a direct method and refined with full-matrix least squares on F^2^ using SHELXL-97.

General Procedure for the Synthesis of Nitrate Esters {#sec3.2}
-----------------------------------------------------

Alkenes **1** (1.0 mmol), *N*-hydroxylamines **2** (0.5 mmol), and *tert-*butyl nitrite (1.0 mmol, 119 μL) were stirred in chlorobenzene (2.0 mL) at room temperature under air. After completion of the reaction, the reaction mixture was treated with 1,2-dichloromethane (30 mL) and successively washed with brine (1 × 10 mL) and water (1 × 10 mL). Drying (Na~2~SO~4~) and evaporation of the solvent produced a residue that was purified by silica gel column chromatography (60--120 mesh) using hexane and ethyl acetate as an eluent.

General Procedure for the Synthesis of β-Aminoxy Nitrate Esters {#sec3.3}
---------------------------------------------------------------

To a stirred solution of nitrate ester **3** (0.25 mmol) in MeOH/CHCl~3~ (1:3, 2 mL) was added hydrazine hydrate (0.75 mmol, 37.6 mg). The resultant mixture was stirred at 0 °C for 4 h under air, and the solvent was evaporated on a rotatory evaporator. The residue was treated with Et~2~O (30 mL), and the solid was filtered. The filtrate was evaporated under reduced pressure to give a pure colorless oil.

General Procedure for the Synthesis of 1,2-Diols Using Mo(CO)~6~ {#sec3.4}
----------------------------------------------------------------

To a stirred solution of **3** or **6** (0.25 mmol) in CH~3~CN/H~2~O (15:1, 2 mL) were added Mo(CO)~6~ (0.25 mmol, 66 mg) and Et~3~N (3.75 mmol, 0.52 mL). The reaction mixture was stirred at 80 °C temperature for 18--26 h. The progress of the reaction was monitored by TLC using ethyl acetate and hexane as an eluent. After completion, the resultant mixture was neutralized using saturated NH~4~Cl and extracted with ethyl acetate (3 × 5 mL). Drying (Na~2~SO~4~) and evaporation of the solvent provided a residue, which was purified by silica gel column chromatography using hexane and ethyl acetate as an eluent.

General Procedure for the Synthesis of 1,2-Diol Using Zn/AcOH {#sec3.5}
-------------------------------------------------------------

To a stirred solution of nitrate ester **3x** (0.25 mmol, 78.6 mg) in THF/H~2~O (1:1, 2 mL) were added Zn dust (2.5 mmol, 163.5 mg) and AcOH (0.6 mL). The reaction mixture was stirred at room temperature for 1 h. The resultant mixture was then neutralized using saturated NaHCO~3~ and extracted with ethyl acetate (3 × 5 mL). Drying (Na~2~SO~4~) and evaporation of the solvent gave a residue that was purified by silica gel column chromatography using hexane and ethyl acetate as an eluent.

General Procedure for the Synthesis of Benzil {#sec3.6}
---------------------------------------------

A mixture of nitrate ester **3n** (0.2 mmol, 80.9 mg) and Et~3~N (0.5 mL) was stirred at 90 °C for 15 h. The progress of the reaction was monitored by TLC using ethyl acetate and hexane as an eluent. The resultant mixture was then neutralized using saturated NH~4~Cl and extracted with ethyl acetate (3 × 5 mL). Drying (Na~2~SO~4~) and evaporation of the solvent gave a residue that was purified by silica gel column chromatography using hexane and ethyl acetate as an eluent.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(*p*-tolyl)ethyl Nitrate **3a** {#sec3.7}
-------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.40; white solid; mp 120--121 °C; yield 69% (118 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.88--7.86 (m, 2H), 7.79--7.77 (m, 2H), 7.29 (d, *J* = 8.4 Hz, 2H), 7.21 (d, *J* = 8.0 Hz, 2H), 6.28 (dd, *J* = 9.6, 6.8 Hz, 1H), 4.55 (dd, *J* = 12.8, 3.2 Hz, 1H), 4.34 (dd, *J* = 12.4, 9.6 Hz, 1H), 2.34 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 163.5, 140.0, 134.9, 130.6, 129.9, 128.9, 126.9, 124.0, 82.8, 77.3, 21.4; FT-IR (KBr) 2955, 2923, 1791, 1735, 1636, 1556, 1515, 1467, 1374, 1275, 1186, 1129, 1081, 1019, 1000, 877, 856, 701 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~17~H~14~N~2~O~6~: 360.1196, found: 360.1194.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-phenylethyl Nitrate **3b** {#sec3.8}
--------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.41; liquid; yield 58% (95 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.87--7.84 (m, 2H), 7.79--7.76 (m, 2H), 7.41--7.38 (m, 5H), 6.31 (dd, *J* = 9.6, 6.8 Hz, 1H), 4.58--4.52 (m, 1H), 4.36 (dd, *J* = 12.8, 10.0 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 163.5, 135.0, 133.6, 129.9, 129.2, 128.8, 126.9, 123.9, 82.7, 77.3; FT-IR (neat) 3065, 2943, 1791, 1732, 1639, 1560, 1494, 1467, 1373, 1275, 1187, 1131, 1081, 1020, 1000, 877, 855, 700 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~16~H~12~N~2~O~6~: 346.1039, found: 346.1038.

1-(2-Chlorophenyl)-2-((1,3-dioxoisoindolin-2-yl)oxy)ethyl Nitrate **3c** {#sec3.9}
------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.43; liquid; yield 60% (109 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.89--7.87 (m, 2H), 7.80--7.78 (m, 2H), 7.47--7.45 (m, 1H), 7.42--7.40 (m, 1H), 7.34--7.32 (m, 2H), 6.72 (dd, *J* = 7.2, 3.0 Hz, 1H), 4.42 (t, *J* = 4.2 Hz, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.5, 135.0, 132.5, 131.6, 130.8, 130.3, 128.8, 127.8, 127.1, 124.0, 79.5, 76.1; FT-IR (neat) 3066, 2937, 1792, 1731, 1644, 1468, 1440, 1373, 1277, 1128, 1081, 1019, 1002, 877, 848, 759, 701 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~16~H~11~ClN~2~O~6~: 380.0649, found: 380.0647.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(*o*-tolyl)ethyl Nitrate **3d** {#sec3.10}
-------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.41; white solid; mp 109--110 °C; yield 62% (106 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.87--7.85 (m, 2H), 7.78--7.77 (m, 2H), 7.28 (t, *J* = 7.8 Hz, 1H), 7.19 (d, *J* = 7.8 Hz, 3H), 6.27 (dd, *J* = 9.0, 6.6 Hz, 1H), 4.54 (dd, *J* = 12.6, 3.0 Hz, 1H), 4.34 (dd, *J* = 12.6, 9.6 Hz, 1H), 2.35 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.6, 139.2, 135.0, 133.6, 130.7, 129.2, 128.9, 127.5, 124.0, 123.8, 82.9, 77.4, 21.5; FT-IR (KBr) 3029, 2923, 1792, 1736, 1638, 1556, 1489, 1467, 1374, 1275, 1187, 1161, 1131, 1081, 1019, 999, 877, 853, 787, 701 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~17~H~14~N~2~O~6~: 360.1196, found: 360.1190.

1-(3-Bromophenyl)-2-((1,3-dioxoisoindolin-2-yl)oxy)ethyl Nitrate **3e** {#sec3.11}
-----------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.43; liquid; yield 61% (124 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.87--7.86 (m, 2H), 7.79--7.78 (m, 2H), 7.56 (s, 1H), 7.53 (d, *J* = 7.8 Hz, 1H), 7.36 (d, *J* = 7.8 Hz, 1H), 7.29 (t, *J* = 7.8 Hz, 1H), 6.25 (dd, *J* = 9.6, 6.6 Hz, 1H), 4.52 (dd, *J* = 12.6, 3.0 Hz, 1H), 4.35 (dd, *J* = 12.6, 9.6 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.5, 136.0, 135.0, 133.1, 130.9, 130.0, 128.9, 125.5, 124.0, 123.4, 81.7; FT-IR (neat) 3065, 2941, 1791, 1735, 1640, 1571, 1468, 1430, 1373, 1274, 1187, 1130, 1080, 1020, 1000, 877, 849, 786, 701 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~16~H~11~BrN~2~O~6~: 424.0144, found: 424.0143.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(3-methoxyphenyl)ethyl Nitrate **3f** {#sec3.12}
-------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.39; white solid; mp 121--122 °C; yield 63% (113 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.88--7.86 (m, 2H), 7.79--7.77 (m, 2H), 7.31 (t, *J* = 7.6 Hz, 1H), 6.98 (d, *J* = 7.6 Hz, 1H), 6.92 (d, *J* = 7.2 Hz, 2H), 6.27 (dd, *J* = 9.6, 6.8 Hz, 1H), 4.53 (dd, *J* = 12.8, 3.2 Hz, 1H), 4.36 (dd, *J* = 12.4, 9.6 Hz, 1H), 3.81 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.6, 160.2, 135.2, 135.0, 130.4, 128.9, 124.0, 119.0, 115.4, 112.3, 82.7, 77.4, 55.5; FT-IR (KBr) 2944, 2839, 1792, 1734, 1638, 1604, 1491, 1467, 1373, 1274, 1187, 1129, 1081, 1020, 1002, 877, 853, 785, 700 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~17~H~14~N~2~O~7~: 376.1145, found: 376.1142.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(*m*-tolyl)ethyl Nitrate **3g** {#sec3.13}
-------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.40; white solid; mp 109--110 °C; yield 66% (113 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.87--7.85 (m, 2H), 7.78--7.77 (m, 2H), 7.29 (d, *J* = 7.8 Hz, 1H), 7.19 (d, *J* = 8.4 Hz, 3H), 6.27 (dd, *J* = 9.0, 6.6 Hz, 1H), 4.54 (dd, *J* = 12.6, 3.0 Hz, 1H), 4.34 (dd, *J* = 12.6, 10.2 Hz, 1H), 2.35 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.5, 139.2, 134.9, 133.6, 130.6, 129.1, 128.9, 127.5, 124.0, 123.9, 82.9, 21.5; FT-IR (KBr) 2922, 1791, 1734, 1636, 1561, 1467, 1373, 1274, 1187, 1130, 1081, 1019, 999, 877, 853, 787, 701 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~17~H~14~N~2~O~6~: 360.1196, found: 360.1197.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(3-nitrophenyl)ethyl Nitrate **3h** {#sec3.14}
-----------------------------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.30; liquid; yield 47% (88 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.33 (t, *J* = 2.0 Hz, 1H), 8.29--8.26 (m, 1H), 7.89--7.86 (m, 2H), 7.85--7.82 (m, 1H), 7.81--7.79 (m, 2H), 7.65 (t, *J* = 8.0 Hz, 1H), 6.39 (dd, *J* = 8.4, 5.2 Hz, 1H), 4.59 (dd, *J* = 12.8, 4.0 Hz, 1H), 4.43 (dd, *J* = 12.4, 8.8 Hz, 1H); ^13^C NMR (75 MHz, CDCl~3~) δ 163.5, 148.7, 136.0, 135.1, 133.0, 130.6, 128.7, 124.8, 124.1, 122.2, 81.1, 76.9; FT-IR (neat) 2918, 2850, 1791, 1734, 1642, 1531, 1467, 1352, 1309, 1274, 1186, 1128, 1081, 1020, 1001, 876, 847, 700 cm^--1^; HRMS (ESI) *m*/*z* \[M + NH~4~\]^+^ calcd for C~16~H~11~N~3~O~8~: 391.0890, found: 391.0909.

1-(4-Bromophenyl)-2-((1,3-dioxoisoindolin-2-yl)oxy)ethyl Nitrate **3i** {#sec3.15}
-----------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.42; white solid; mp 121--122 °C; yield 62% (126 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.88--7.86 (m, 2H), 7.80--7.78 (m, 2H), 7.55 (d, *J* = 8.4 Hz, 2H), 7.30 (d, *J* = 8.4 Hz, 2H), 6.26 (dd, *J* = 9.0, 6.0 Hz, 1H), 4.52 (dd, *J* = 12.6, 3.6 Hz, 1H), 4.34 (dd, *J* = 12.6, 9.6 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.5, 135.0, 132.8, 132.6, 128.9, 128.6, 124.2, 124.0, 82.0, 77.1; FT-IR (KBr) 2923, 2851, 1791, 1731, 1593, 1556, 1490, 1467, 1372, 1274, 1187, 1129, 1080, 1011, 877, 850, 785, 700 cm^--1^. HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~16~H~11~BrN~2~O~6~: 424.0144, found: 424.0144.

1-(4-(Chloromethyl)phenyl)-2-((1,3-dioxoisoindolin-2-yl)oxy)ethyl Nitrate **3j** {#sec3.16}
--------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.38; liquid; yield 57% (107 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.88--7.86 (m, 2H), 7.80--7.78 (m, 2H), 7.44 (d, *J* = 8.4 Hz, 2H), 7.42 (d, *J* = 8.4 Hz, 2H), 6.31 (dd, *J* = 9.6, 6.6 Hz, 1H), 4.57 (s, 2H), 4.54 (dd, *J* = 12.6, 3.0 Hz, 1H), 4.35 (dd, *J* = 12.6, 9.6 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.5, 139.3, 135.0, 133.9, 129.5, 128.9, 127.4, 124.0, 82.3, 77.3, 45.5; FT-IR (neat) 2923, 2852, 1791, 1734, 1637, 1555, 1515, 1467, 1373, 1275, 1186, 1081, 1019, 1002, 877, 853, 791, 701 cm^--1^. HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~17~H~13~ClN~2~O~6~: 394.0806, found: 394.0803.

1-(4-Chlorophenyl)-2-((1,3-dioxoisoindolin-2-yl)oxy)ethyl Nitrate **3k** {#sec3.17}
------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.43; liquid; yield 61% (111 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.88--7.86 (m, 2H), 7.80--7.78 (m, 2H), 7.40--7.35 (m, 4H), 6.27 (dd, *J* = 9.2, 6.0 Hz, 1H), 4.53 (dd, *J* = 12.8, 3.6 Hz, 1H), 4.34 (dd, *J* = 12.8, 9.6 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.5, 136.0, 135.0, 132.3, 129.6, 128.9, 128.4, 124.0, 81.9; FT-IR (neat) 2924, 1791, 1735, 1639, 1588, 1493, 1467, 1374, 1274, 1187, 1092, 1015, 877, 851, 701 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~16~H~11~ClN~2~O~6~: 380.0649, found: 380.0641.

1-(\[1,1′-Biphenyl\]-4-yl)-2-((1,3-dioxoisoindolin-2-yl)oxy)ethyl Nitrate **3l** {#sec3.18}
--------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.37; white solid; mp 123--124 °C; yield 65% (131 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.89--7.87 (m, 2H), 7.80--7.78 (m, 2H), 7.63 (d, *J* = 8.4 Hz, 2H), 7.56 (d, *J* = 6.8 Hz, 2H), 7.48--7.42 (m, 5H), 7.37 (t, *J* = 7.2 Hz, 1H), 6.36 (dd, *J* = 9.6, 6.4 Hz, 1H), 4.60 (dd, *J* = 12.8, 3.2 Hz, 1H), 4.41 (dd, *J* = 12.4, 9.6 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 163.5, 142.8, 140.1, 135.0, 132.4, 129.0, 128.8, 127.9, 127.4, 127.2, 124.0, 123.7, 82.6, 77.3; FT-IR (KBr) 3059, 3032, 2926, 2854, 1791, 1733, 1639, 1559, 1487, 1467, 1373, 1275, 1187, 1130, 1080, 1019, 877, 852, 766, 699 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~22~H~16~N~2~O~6~: 422.1352, found: 422.1345.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-phenylpropyl Nitrate **3m** {#sec3.19}
---------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.40; liquid; yield 61% (104 mg); dr = 18:1; ^1^H NMR (600 MHz, CDCl~3~) δ 7.88--7.85 (m, 1.99H), 7.80--7.77 (m, 2.08H), 7.40 (d, *J* = 4.2 Hz, 3.97H), 7.37--7.34 (m, 1.09H), 6.21 (d, *J* = 3.6 Hz, 1H), 6.08 (d, *J* = 7.8 Hz, 0.04H), 4.69--4.62 (m, 0.04H), 4.61--4.58 (m, 1.06H), 1.44 (d, *J* = 6.6 Hz, 3.25H), 1.21 (d, *J* = 6.6 Hz, 0.10H); ^13^C NMR (150 MHz, CDCl~3~) δ 164.2, 134.9, 134.3, 129.2, 129.1, 129.0, 126.6, 124.0, 84.7, 83.7, 13.1; FT-IR (neat) 2923, 2851, 1791, 1735, 1638, 1496, 1467, 1454, 1373, 1279, 1187, 1120, 1080, 981, 858, 754, 700 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~17~H~14~N~2~O~6~: 360.1196, found: 360.1185.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1,2-diphenylethyl Nitrate **3n** {#sec3.20}
------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.38; white solid; mp 146--147 °C; yield 56% (113 mg); dr = 17:1; ^1^H NMR (400 MHz, CDCl~3~) δ 7.74--7.70 (m, 2.13H), 7.69--7.65 (m, 1.95H), 7.39--7.37 (m, 1.97H), 7.35--7.32 (m, 3.95H), 7.30--7.28 (m, 3.12H), 7.22--7.16 (m, 0.90H), 6.41 (d, *J* = 11.2 Hz, 0.09H), 6.36 (d, *J* = 5.6 Hz, 1H), 6.04 (d, *J* = 10.4 Hz, 1H), 5.70 (d, *J* = 5.2 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 163.5, 134.7, 133.5, 132.5, 129.9, 129.5, 129.2, 128.8, 128.7, 128.3, 127.9, 123.7, 88.1, 83.9; FT-IR (KBr) 3065, 3033, 2922, 1790, 1735, 1640, 1455, 1373, 1277, 1187, 1126, 1081, 1016, 982, 876, 732, 698 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~22~H~16~N~2~O~6~: 422.1352, found: 422.1356.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(naphthalen-2-yl)ethyl Nitrate **3p** {#sec3.21}
-------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.40; liquid; yield 61% (115 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.90 (d, *J* = 13.2 Hz, 2H), 7.86--7.83 (m, 4H), 7.77--7.76 (m, 2H), 7.52--7.51 (m, 2H), 7.46 (d, *J* = 8.4 Hz, 1H), 6.47 (dd, *J* = 9.0, 6.0 Hz, 1H), 4.65 (dd, *J* = 12.6, 3.6 Hz, 1H), 4.44 (dd, *J* = 12.6, 9.6 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.6, 135.0, 133.8, 133.2, 131.0, 129.4, 128.9, 128.3, 128.0, 127.2, 127.0, 126.8, 124.0, 123.7, 82.9; FT-IR (neat) 3060, 2925, 1790, 1733, 1637, 1467, 1373, 1274, 1187, 1127, 1081, 1019, 1002, 877, 852, 750, 701 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~20~H~14~N~2~O~6~: 396.1196, found: 396.1191.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-phenylethyl Nitrate **3q** {#sec3.22}
----------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.44; liquid; yield 51% (77 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.55 (d, *J* = 4.4 Hz, 2H), 7.44--7.40 (m, 6H), 6.30 (t, *J* = 6.4 Hz, 1H), 4.83 (d, *J* = 6.4 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.5, 133.0, 130.2, 129.4, 128.7, 127.3, 126.9, 125.1, 120.5, 108.4, 81.4, 79.1; FT-IR (neat) 3066, 3036, 2948, 1639, 1495, 1455, 1445, 1363, 1318, 1275, 1238, 1157, 1088, 1026, 972, 903, 853, 765, 744, 699 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~14~H~12~N~4~O~4~: 301.0937, found: 301.0942.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(3-methoxyphenyl)ethyl Nitrate **3r** {#sec3.23}
---------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.42; liquid; yield 57% (94 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.56--7.52 (m, 2H), 7.44--7.40 (m, 1H), 7.34--7.30 (m, 1H), 6.99--6.91 (m, 3H), 6.27 (dd, *J* = 7.6, 2.4 Hz, 1H), 4.80 (t, *J* = 4.8 Hz, 2H), 3.80 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 160.3, 143.5, 134.4, 130.6, 128.7, 127.3, 125.1, 120.5, 118.9, 115.5, 112.4, 108.4, 81.3, 79.1, 55.5; FT-IR (neat) 3066, 3005, 2943, 2838, 1642, 1603, 1588, 1491, 1456, 1437, 1363, 1274, 1158, 1089, 1038, 976, 851, 780, 744, 699 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~15~H~14~N~4~O~5~: 331.1042, found: 331.1045.

4-(2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(nitrooxy)ethyl)phenyl Acetate **3s** {#sec3.24}
------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.33; liquid; yield 47% (84 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 8.04--8.02 (m, 1H), 7.56--7.51 (m, 2H), 7.44--7.41 (m, 3H), 7.17--7.15 (m, 2H), 6.31 (t, *J* = 6.0 Hz, 1H), 4.81 (dd, *J* = 6.6, 5.4 Hz, 2H), 2.30 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 169.2, 152.0, 143.5, 130.5, 128.8, 128.3, 127.3, 125.2, 122.8, 120.5, 108.5, 80.7, 78.9, 21.2; FT-IR (neat) 2924, 1643, 1605, 1540, 1509, 1445, 1368, 1275, 1203, 1169, 1090, 1016, 972, 911, 847, 781, 766, 745 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~16~H~14~N~4~O~6~: 359.0992, found: 359.0989.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(4-bromophenyl)ethyl Nitrate **3t** {#sec3.25}
-------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.42; liquid; yield 57% (97 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04--8.02 (m, 1H), 7.57--7.54 (m, 4H), 7.44--7.41 (m, 1H), 7.31 (d, *J* = 5.6 Hz, 2H), 6.26 (t, *J* = 4.0 Hz, 1H), 4.80 (d, *J* = 4.4 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.6, 132.7, 132.1, 128.9, 128.6, 127.3, 125.2, 124.5, 120.6, 108.4, 80.7, 78.7; FT-IR (neat) 3067, 2920, 2851, 1643, 1592, 1554, 1445, 1409, 1363, 1311, 1274, 1239, 1157, 1088, 1073, 1011, 975, 903, 850, 781, 743 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~14~H~11~BrN~4~O~4~: 379.0042, found: 379.0037.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(4-(chloromethyl)phenyl)ethyl Nitrate **3u** {#sec3.26}
----------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.39; liquid; yield 49% (85 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.56--7.52 (m, 2H), 7.46 (t, *J* = 7.8 Hz, 2H), 7.42 (t, *J* = 8.4 Hz, 2H), 6.30 (t, *J* = 6.0 Hz, 1H), 4.81 (d, *J* = 6.0 Hz, 2H), 4.57 (s, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.6, 139.7, 133.2, 129.6, 128.8, 127.4, 127.3, 125.2, 120.6, 108.4, 81.0, 78.9, 45.4; FT-IR (neat) 2923, 2850, 1642, 1515, 1444, 1424, 1384, 1363, 1275, 1239, 1157, 1089, 1034, 973, 904, 851, 781, 766, 743 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~15~H~13~ClN~4~O~4~: 349.0704, found: 349.0701.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(4-chlorophenyl)ethyl Nitrate **3v** {#sec3.27}
--------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.43; liquid; yield 51% (85 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.05--8.03 (m, 1H), 7.56--7.55 (m, 2H), 7.45--7.40 (m, 3H), 7.38--7.36 (m, 2H), 6.27 (t, *J* = 6.4 Hz, 1H), 4.81 (d, *J* = 6.4 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.6, 136.4, 131.5, 129.8, 128.9, 128.4, 127.3, 125.2, 120.6, 108.4, 80.6, 78.8; FT-IR (neat) 2922, 2849, 1639, 1597, 1493, 1444, 1413, 1384, 1362, 1312, 1273, 1238, 1156, 1090, 1014, 974, 903, 844, 781, 766, 742 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~14~H~11~ClN~4~O~4~: 335.0547, found: 335.0543.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(4-fluorophenyl)ethyl Nitrate **3w** {#sec3.28}
--------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.44; liquid; yield 50% (80 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.55 (d, *J* = 3.6 Hz, 2H), 7.43--7.41 (m, 3H), 7.12 (t, *J* = 8.4 Hz, 2H), 6.30 (dd, *J* = 7.8, 3.0 Hz, 1H), 4.81 (t, *J* = 4.2 Hz, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 164.5 (*J*~C-F~ = 249 Hz), 143.5, 129.1 (*J*~C-F~ = 9 Hz), 128.9, 128.8, 127.3, 125.2, 120.6, 116.7 (*J*~C-F~ = 21 Hz), 108.4, 80.7, 78.9; FT-IR (neat) 3072, 2953, 2917, 2851, 1642, 1606, 1512, 1445, 1364, 1312, 1276, 1236, 1161, 1089, 1033, 975, 903, 841, 781, 743 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~14~H~11~FN~4~O~4~: 319.0843, found: 319.0841.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(*p*-tolyl)ethyl Nitrate **3x** {#sec3.29}
---------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.43; liquid; yield 53% (83 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.57--7.52 (m, 2H), 7.44--7.41 (m, 1H), 7.30 (d, *J* = 8.0 Hz, 2H), 7.22 (d, *J* = 8.0 Hz, 2H), 6.26 (dd, *J* = 6.8, 1.2 Hz, 1H), 4.81 (t, *J* = 5.6 Hz, 2H), 2.35 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.5, 140.4, 130.1, 129.9, 128.7, 127.3, 126.9, 125.1, 120.5, 108.5, 81.4, 79.1, 21.4; FT-IR (neat) 3028, 2923, 2857, 1639, 1555, 1515, 1445, 1383, 1363, 1274, 1239, 1180, 1089, 855, 817, 744, 695 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~15~H~14~N~4~O~4~: 315.1093, found: 315.1092.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(\[1,1′-biphenyl\]-4-yl)ethyl Nitrate **3y** {#sec3.30}
----------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.38; liquid; yield 58% (109 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.63 (d, *J* = 8.4 Hz, 2H), 7.57--7.51 (m, 4H), 7.48--7.40 (m, 5H), 7.39--7.34 (m, 1H), 6.34 (t, *J* = 6.4 Hz, 1H), 4.86 (d, *J* = 6.4 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.5, 143.2, 140.0, 131.7, 129.0, 128.7, 128.1, 128.0, 127.4, 127.3, 127.2, 125.1, 120.5, 108.4, 81.2, 79.0; FT-IR (neat) 3032, 2924, 1641, 1487, 1445, 1362, 1274, 1238, 1157, 1088, 973, 902, 849, 781, 765, 743, 698 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~20~H~16~N~4~O~4~: 377.1250, found: 377.1253.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-(4-((1,3-dioxoisoindolin-2-yl)oxy)phenyl)ethyl Nitrate **3z** {#sec3.31}
---------------------------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.35; white solid; mp 184--185 °C; yield 58% (134 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 8.04 (d, *J* = 9.0 Hz, 1H), 7.94--7.92 (m, 2H), 7.84--7.83 (m, 2H), 7.56 (t, *J* = 7.8 Hz, 1H), 7.52 (d, *J* = 7.8 Hz, 1H), 7.42 (d, *J* = 8.4 Hz, 3H), 7.22 (d, *J* = 8.4 Hz, 2H), 6.28 (t, *J* = 7.2 Hz, 1H), 4.79 (t, *J* = 4.8 Hz, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 162.9, 160.1, 143.6, 135.3, 129.3, 128.9, 128.8, 127.3, 125.2, 124.3, 120.6, 115.2, 108.4, 80.6, 78.9; FT-IR (KBr) 2965, 2923, 2849, 1791, 1737, 1634, 1500, 1255, 1204, 1153, 1116, 1019, 970, 900, 862, 826, 766, 716, 696 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~22~H~15~N~5~O~7~: 462.1050, found: 462.1053.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1-phenylpropyl Nitrate **3ab** {#sec3.32}
------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.42; liquid; yield 52% (82 mg); dr = 5:1; ^1^H NMR (400 MHz, CDCl~3~) δ 8.03 (d, *J* = 8.8 Hz, 1.13H), 7.58--7.47 (m, 1.47H), 7.43--7.41 (m, 5.98H), 7.40--7.37 (m, 2.44H), 6.16 (d, *J* = 8.4 Hz, 0.20H), 6.13 (d, *J* = 4.0 Hz, 1H), 5.07--5.01 (m, 1.06H), 4.96--4.89 (m, 0.23H), 1.51 (d, *J* = 6.4 Hz, 3.15H), 1.35 (d, *J* = 6.4 Hz, 0.51H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.4, 133.8, 133.6, 129.6, 129.4, 129.2, 128.7, 128.1, 127.6, 126.9, 125.0, 120.5, 108.6, 86.9, 83.3, 14.0; FT-IR (neat) 3066, 2991, 2924, 2851, 1642, 1549, 1496, 1454, 1382, 1367, 1277, 1240, 1158, 1088, 1054, 968, 855, 744, 701 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~15~H~14~N~4~O~4~: 315.1093, found: 315.1094.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-1,2-diphenylethyl Nitrate **3ac** {#sec3.33}
---------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.40; liquid; yield 47% (88 mg); dr = 17:1; ^1^H NMR (600 MHz, CDCl~3~) δ 7.91 (d, *J* = 8.4 Hz, 1H), 7.40--7.35 (m, 4.16H), 7.34--7.31 (m, 4.15H), 7.30 (d, *J* = 4.2 Hz, 2.71H), 7.28--7.27 (m, 1.92H), 7.17 (d, *J* = 8.4 Hz, 1.10H), 6.51 (d, *J* = 5.4 Hz, 0.06H), 6.45 (d, *J* = 5.4 Hz, 1H), 5.89 (d, *J* = 6.0 Hz, 0.07H), 5.86 (d, *J* = 5.4 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.3, 133.3, 132.3, 130.3, 129.9, 128.98, 128.91, 128.7, 128.3, 127.9, 127.8, 124.8, 120.3, 108.8, 91.5, 83.5; FT-IR (neat) 3066, 3036, 2924, 1734, 1643, 1532, 1496, 1455, 1444, 1382, 1317, 1277, 1239, 1199, 1157, 1086, 961, 847, 743, 699 cm^--1^; HRMS (ESI) *m*/*z* \[M + H\]^+^ calcd for C~20~H~16~N~4~O~4~: 377.1250, found: 377.1252.

2-((2,5-Dioxopyrrolidin-1-yl)oxy)-1-phenylethyl Nitrate **3ad** {#sec3.34}
---------------------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.32; liquid; yield 57% (80 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.44--7.28 (m, 5H), 6.24 (d, *J* = 8.0 Hz, 1H), 4.45 (t, *J* = 12.4 Hz, 1H), 4.25 (d, *J* = 12.4 Hz, 1H), 2.73 (s, 4H); ^13^C NMR (150 MHz, CDCl~3~) δ 171.1, 133.5, 129.9, 129.2, 126.8, 83.2, 75.9, 25.5; FT-IR (neat) 2924, 2853, 1788, 1730, 1634, 1556, 1495, 1455, 1430, 1382, 1276, 1203, 1078, 1026, 996, 903, 858, 701 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~12~H~12~N~2~O~6~: 298.1039, found: 298.1041.

2-((2,5-Dioxopyrrolidin-1-yl)oxy)-1-(*p*-tolyl)ethyl Nitrate **3ae** {#sec3.35}
--------------------------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.31; liquid; yield 59% (87 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.26 (d, *J* = 8.0 Hz, 2H), 7.21 (d, *J* = 8.0 Hz, 2H), 6.22 (d, *J* = 9.2 Hz, 1H), 4.45 (t, *J* = 9.6 Hz, 1H), 4.23 (d, *J* = 10.0 Hz, 1H), 2.74 (s, 4H), 2.35 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 171.0, 140.1, 130.5, 129.9, 126.9, 83.4, 75.9, 25.5, 21.4; FT-IR (neat) 2946, 2924, 1788, 1734, 1636, 1556, 1515, 1493, 1430, 1380, 1276, 1202, 1074, 1041, 996, 901, 858, 816, 721 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~13~H~14~N~2~O~6~: 312.1196, found: 312.1191.

6-((1,3-Dioxoisoindolin-2-yl)oxy)cyclohex-2-en-1-yl Nitrate **3af** {#sec3.36}
-------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.44; liquid; yield 45% (68 mg); dr = 20:1; ^1^H NMR (400 MHz, CDCl~3~) δ 7.87--7.84 (m, 2.01H), 7.78--7.76 (m, 2.01H), 6.35 (dd, *J* = 10.0, 6.4 Hz, 1H), 6.11 (dd, *J* = 10.4, 6.4 Hz, 1H), 6.04--6.00 (m, 0.05H), 5.87--5.82 (m, 0.09H), 5.54--5.51 (m, 1.15H), 4.81--4.77 (m, 1.18H), 2.53--2.44 (m, 1.10H), 2.17--2.02 (m, 2.05H), 1.93--1.83 (m, 1.43H); ^13^C NMR (150 MHz, CDCl~3~) δ 164.4, 134.9, 131.6, 129.0, 128.3, 123.9, 79.4, 76.4, 24.0, 23.3; FT-IR (neat) 2926, 2854, 1788, 1732, 1628, 1548, 1467, 1383, 1275, 1187, 1127, 1080, 1016, 973, 877, 702 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~14~H~12~N~2~O~6~: 322.1039, found: 322.1037.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-2,3-dihydro-1*H*-inden-1-yl Nitrate **3ag** {#sec3.37}
-----------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.43; white solid; mp 160--161 °C; yield 49% (83 mg); dr = 12:1; ^1^H NMR (400 MHz, CDCl~3~) δ 7.88--7.86 (m, 1.99H), 7.79--7.77 (m, 2.21H), 7.70--7.66 (m, 0.18H), 7.49 (d, *J* = 7.6 Hz, 1.01H), 7.42 (t, *J* = 7.6 Hz, 1.08H), 7.34 (t, *J* = 6.8 Hz, 2.23H), 7.22--7.16 (m, 0.14H), 6.65 (s, 0.92H), 6.56 (d, *J* = 15.2 Hz, 0.07H), 5.15 (d, *J* = 7.2 Hz, 0.99H), 5.05--5.00 (m, 0.08H), 3.63 (dd, *J* = 17.6, 10.8 Hz, 1.13H), 3.54--3.45 (m, 0.11H), 3.36 (d, *J* = 17.6 Hz, 1.13H), 3.27--3.19 (m, 0.10H); ^13^C NMR (150 MHz, CDCl~3~) δ 164.0, 142.1, 135.0, 134.1, 131.1, 128.8, 128.1, 126.9, 125.4, 124.0, 90.2, 89.5, 36.1; FT-IR (KBr) 2965, 2920, 2850, 1792, 1733, 1636, 1467, 1374, 1310, 1271, 1187, 1126, 1082, 1019, 974, 857, 788, 699 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~17~H~12~N~2~O~6~: 358.1039, found: 358.1035.

6-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)cyclohex-2-en-1-yl Nitrate **3ah** {#sec3.38}
---------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.45; liquid; yield 42% (58 mg); dr = 10:1; ^1^H NMR (400 MHz, CDCl~3~) δ 8.05 (d, *J* = 8.4 Hz, 1.01H), 7.55 (d, *J* = 4.0 Hz, 1.94H), 7.43--7.39 (m, 1.11H), 6.31 (dd, *J* = 10.0, 6.4 Hz, 1H), 6.18 (dd, *J* = 10.0, 6.4 Hz, 1.07H), 5.98 (dd, *J* = 9.2, 6.8 Hz, 0.15H), 5.87--5.81 (m, 0.19H), 5.77--5.74 (m, 0.12H), 5.59--5.55 (m, 0.97H), 5.20--5.17 (m, 0.98H), 5.10 (d, *J* = 4.0 Hz, 0.10H), 2.48--2.40 (m, 1.17H), 2.20--2.16 (m, 2.26H), 2.01--1.93 (m, 1.31H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.5, 130.8, 129.1, 128.5, 128.3, 125.0, 120.6, 108.7, 81.9, 75.7, 24.0, 23.3; FT-IR (neat) 2961, 2924, 2850, 1634, 1497, 1460, 1384, 1263, 1194, 1096, 785, 749 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~12~H~12~N~4~O~4~: 277.0937, found: 277.0938.

2-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)-2,3-dihydro-1*H*-inden-1-yl Nitrate **3ai** {#sec3.39}
-------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.44; liquid; yield 45% (70 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.07 (d, *J* = 8.4 Hz, 1H), 7.57--7.51 (m, 3H), 7.49--7.43 (m, 2H), 7.41--7.36 (m, 2H), 6.67 (s, 1H), 5.51 (d, *J* = 6.4 Hz, 1H), 3.63--3.46 (m, 2H); ^13^C NMR (100 MHz, CDCl~3~) δ 143.5, 141.8, 133.7, 131.5, 128.8, 128.4, 127.8, 127.0, 125.7, 125.1, 120.7, 108.4, 91.8, 88.0, 36.1; FT-IR (neat) 2922, 2850, 1726, 1639, 1464, 1444, 1384, 1353, 1275, 1239, 1156, 1089, 1011, 945, 847, 744 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~15~H~12~N~4~O~4~: 313.0937, found: 313.0937.

(1*R*,2*R*,4*S*)-3-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)bicyclo\[2.2.1\]heptan-2-yl Nitrate **3aj** {#sec3.40}
-----------------------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.41; white solid; mp 106--107 °C; yield 47% (68 mg); dr = 14:1; ^1^H NMR (600 MHz, CDCl~3~) δ 8.02 (d, *J* = 8.4 Hz, 0.93H), 7.58 (d, *J* = 8.4 Hz, 0.96H), 7.53 (t, *J* = 7.8 Hz, 1H), 7.40 (t, *J* = 8.4 Hz, 1H), 5.13 (d, *J* = 5.4 Hz, 1H), 4.80 (d, *J* = 5.4 Hz, 1.01H), 4.63 (m, 0.08H), 4.09 (d, *J* = 16.8 Hz, 0.07H), 2.84 (d, *J* = 4.8 Hz, 1.01H), 2.80 (d, *J* = 4.8 Hz, 0.07H), 2.57 (d, *J* = 3.6 Hz, 1H), 2.52 (d, *J* = 11.4 Hz, 0.05H), 2.34 (d, *J* = 10.8 Hz, 1.14H), 2.25 (d, *J* = 4.8 Hz, 0.06H), 1.74--1.61 (m, 2.77H), 1.47 (d, *J* = 10.8 Hz, 1.15H), 1.33--1.29 (m, 1.18H), 1.11--1.06 (m, 1.11H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.5, 128.5, 127.7, 125.0, 120.4, 108.9, 91.4, 84.2, 40.6, 39.7, 33.7, 25.2, 23.2; FT-IR (KBr) 2922, 2850, 1726, 1639, 1464, 1444, 1384, 1353, 1275, 1239, 1156, 1089, 1011, 945, 847, 744 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~13~H~14~N~4~O~4~: 291.1093, found: 291.1092.

1-((1,3-Dioxoisoindolin-2-yl)oxy)octan-2-yl Nitrate **3ak** {#sec3.41}
-----------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.51; liquid; yield 28% (47 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.86--7.83 (m, 2H), 7.78--7.76 (m, 2H), 5.40--5.35 (m, 1H), 4.38--4.29 (m, 2H), 1.86--1.78 (m, 2H), 1.46--1.40 (m, 2H), 1.36--1.25 (m, 6H), 0.88 (t, *J* = 6.8 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.4, 134.9, 128.9, 123.9, 81.2, 77.1, 31.6, 29.6, 29.1, 25.0, 22.6, 14.2; FT-IR (neat) 2927, 2856, 1791, 1736, 1633, 1554, 1467, 1375, 1276, 1187, 1121, 1081, 1020, 877, 853, 701 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~16~H~20~N~2~O~6~: 354.1665, found: 354.1663.

1-((1,3-Dioxoisoindolin-2-yl)oxy)decan-2-yl Nitrate **3al** {#sec3.42}
-----------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.50; liquid; yield 31% (56 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.86--7.84 (m, 2H), 7.77--7.76 (m, 2H), 5.40--5.36 (m, 1H), 4.45--4.37 (m, 1H), 4.35--4.30 (m, 1H), 1.85--1.76 (m, 2H), 1.47--1.41 (m, 2H), 1.31--1.25 (m, 10H), 0.88 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.4, 134.9, 128.9, 123.9, 81.2, 77.1, 33.9, 32.0, 29.7, 29.4, 29.3, 25.0, 22.8, 14.3; FT-IR (neat) 2926, 2855, 1792, 1737, 1633, 1554, 1467, 1383, 1276, 1187, 1128, 1081, 1022, 877, 856, 701 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~18~H~24~N~2~O~6~: 382.1978, found: 382.1990.

1-((1,3-Dioxoisoindolin-2-yl)oxy)dodecan-2-yl Nitrate **3am** {#sec3.43}
-------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.49; liquid; yield 32% (63 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.86--7.84 (m, 2H), 7.77--7.76 (m, 2H), 5.40--5.36 (m, 1H), 4.39--4.30 (m, 2H), 1.87--1.76 (m, 2H), 1.47--1.41 (m, 2H), 1.29--1.26 (m, 14H), 0.88 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 163.4, 134.9, 128.9, 123.9, 81.2, 77.1, 33.9, 32.0, 29.74, 29.71, 29.6, 29.52, 29.50, 25.0, 22.8, 14.3; FT-IR (neat) 2926, 2854, 1792, 1737, 1634, 1554, 1466, 1374, 1276, 1188, 1081, 1021, 1002, 877, 855, 702 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~20~H~28~N~2~O~6~: 410.2291, found: 410.2294.

2-((1,3-Dioxoisoindolin-2-yl)oxy)-1-(nitrooxy)ethyl Acetate **3an** {#sec3.44}
-------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.42; liquid; yield 35% (54 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.87--7.86 (m, 2H), 7.80--7.78 (m, 2H), 7.31 (dd, *J* = 6.6, 1.8 Hz, 1H), 4.40--4.35 (m, 2H), 2.15 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 168.5, 163.4, 135.1, 128.8, 124.1, 92.0, 74.2, 20.7; FT-IR (neat) 2924, 2852, 1736, 1666, 1557, 1468, 1374, 1286, 1210, 1188, 1124, 1082, 1028, 937, 877, 821, 702 cm^--1^; HRMS (ESI) *m/z* \[M + NH~4~\]^+^ calcd for C~12~H~10~N~2~O~8~: 328.0781, found: 328.0758.

1-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)octan-2-yl Nitrate **3ao** {#sec3.45}
-------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.52; liquid; yield 26% (40 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.4 Hz, 1H), 7.56--7.55 (m, 2H), 7.44--7.40 (m, 1H), 5.52--5.46 (m, 1H), 4.77 (dd, *J* = 11.2, 8.4 Hz, 1H), 4.65 (dd, *J* = 11.2, 4.4 Hz, 1H), 1.89--1.83 (m, 2H), 1.50--1.43 (m, 2H), 1.34--1.28 (m, 6H), 0.89 (t, *J* = 6.8 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.6, 128.7, 127.1, 125.1, 120.6, 108.5, 80.4, 79.2, 31.6, 29.6, 29.0, 25.0, 22.6, 14.1; FT-IR (neat) 2928, 2857, 1637, 1458, 1369, 1277, 1239, 1157, 1088, 850, 781, 766, 743 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~14~H~20~N~4~O~4~: 309.1563, found: 309.1560.

1-((1*H*-Benzo\[*d*\]\[1,2,3\]triazol-1-yl)oxy)decan-2-yl Nitrate **3ap** {#sec3.46}
-------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.51; liquid; yield 29% (49 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 8.03 (d, *J* = 8.4 Hz, 1H), 7.57--7.53 (m, 2H), 7.43--7.40 (m, 1H), 5.49--5.47 (m, 1H), 4.76 (dd, *J* = 11.4, 8.4 Hz, 1H), 4.64 (dd, *J* = 11.4, 4.8 Hz, 1H), 1.87--1.83 (m, 2H), 1.48--1.44 (m, 2H), 1.29--1.25 (m, 10H), 0.88 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.6, 128.7, 127.1, 125.1, 120.6, 108.5, 80.4, 79.2, 31.9, 29.6, 29.4, 29.3, 25.1, 22.8, 14.3; FT-IR (neat) 2927, 2855, 1638, 1556, 1463, 1370, 1276, 1239, 1157, 1088, 853, 781, 766, 743 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~16~H~24~N~4~O~4~: 337.1876, found: 337.1878.

1-(2-Nitro-2-phenylpropoxy)-1*H*-benzo\[*d*\]\[1,2,3\]triazole **5** {#sec3.47}
--------------------------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.35; liquid; yield 26% (39 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 8.03 (d, *J* = 8.4 Hz, 1H), 7.62 (d, *J* = 8.0 Hz, 1H), 7.55 (d, *J* = 8.0 Hz, 1H), 7.44--7.42 (m, 5H), 7.35--7.32(m, 1H), 5.46 (d, *J* = 10.0 Hz, 1H), 4.95 (d, *J* = 9.6 Hz, 1H), 2.37 (s, 3H); ^13^C NMR (75 MHz, CDCl~3~) δ 143.5, 135.2, 130.3, 129.5, 128.7, 126.3, 125.3, 125.2, 120.4, 109.0, 91.0, 82.7, 21.3; FT-IR (neat) 2923, 2850, 1736, 1637, 1549, 1383, 1264, 1085, 1020, 988, 744, 697 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~15~H~14~N~4~O~3~: 299.1144, found: 299.1145.

2-(Aminooxy)-1-phenylethyl Nitrate **6a** {#sec3.48}
-----------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.39; liquid; yield 83% (40 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.40--7.34 (m, 5H), 6.24 (dd, *J* = 8.8, 5.6 Hz, 1H), 5.61 (br s, 2H), 4.04 (dd, *J* = 12.8, 3.6 Hz, 1H), 3.86 (dd, *J* = 12.4, 9.2 Hz, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 134.7, 129.4, 129.1, 126.9, 82.8, 76.3; FT-IR (neat) 3428, 3063, 3032, 2925, 1636, 1555, 1494, 1451, 1358, 1275, 1026, 855, 758, 699 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~8~H~10~N~2~O~4~: 199.0719, found: 199.0717.

2-(Aminooxy)-1-(4-chlorophenyl)ethyl Nitrate **6b** {#sec3.49}
---------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.40; liquid; yield 79% (46 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.38 (d, *J* = 8.4 Hz, 2H), 7.32 (d, *J* = 8.4 Hz, 2H), 6.20 (dd, *J* = 9.0, 5.4 Hz, 1H), 5.61 (br s, 2H), 4.00 (dd, *J* = 12.6, 3.6 Hz, 1H), 3.83 (dd, *J* = 12.6, 9.0 Hz, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 135.4, 133.3, 129.3, 128.3, 81.9, 76.0; FT-IR (neat) 3429, 3032, 2926, 2716, 1638, 1598, 1556, 1492, 1274, 1091, 1044, 1014, 826, 752, 721 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~8~H~9~ClN~2~O~4~: 233.0329, found: 233.0333.

2-(Aminooxy)-1-(*p*-tolyl)ethyl Nitrate **6c** {#sec3.50}
----------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.38; liquid; yield 85% (45 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.27 (d, *J* = 7.6 Hz, 2H), 7.20 (d, *J* = 8.0 Hz, 2H), 6.21 (dd, *J* = 8.8, 5.6 Hz, 1H), 5.52 (br s, 2H), 4.05--4.00 (m, 1H), 3.85--3.81 (m, 1H), 2.35 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 139.5, 131.6, 129.7, 126.9, 82.8, 76.2, 21.4; FT-IR (neat) 3324, 3030, 2922, 2854, 1632, 1554, 1515, 1456, 1378, 1275, 1201, 1117, 1017, 858, 815, 755, 721 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~9~H~12~N~2~O~4~: 213.0875, found: 213.0880.

1-Phenylethane-1,2-diol **7a**([@cit10b]) {#sec3.51}
-----------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.37; white solid; mp 61--62 °C; yield 81% (28 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.34--7.33 (m, 3H), 7.31--7.27 (m, 2H), 4.80 (dd, *J* = 8.4, 5.6 Hz, 1H), 3.73 (dd, *J* = 10.4, 8.0 Hz, 1H), 3.63 (dd, *J* = 11.2, 3.2 Hz, 1H), 3.09 (br s, 1H), 2.29 (br s, 1H); ^13^C NMR (100 MHz, CDCl~3~) δ 140.6, 128.6, 128.1, 126.2, 74.8, 68.2; FT-IR (KBr) 3448, 2924, 2854, 1637, 1449, 1382, 1263, 1100, 756, 700 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~8~H~10~O~2~: 121.0654, found: 121.0650.

1-(3-Bromophenyl)ethane-1,2-diol **7b**([@cit10d]) {#sec3.52}
--------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.41; liquid; yield 78% (42 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.53 (s, 1H), 7.43 (d, *J* = 8.4 Hz, 1H), 7.28 (d, *J* = 7.8 Hz, 1H), 7.22 (t, *J* = 7.8 Hz, 1H), 4.79 (dd, *J* = 7.8, 4.8 Hz, 1H), 3.75 (dd, *J* = 11.4, 7.8 Hz, 1H), 3.62 (dd, *J* = 11.4, 3.0 Hz, 1H), 2.40 (br s, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.0, 131.2, 130.3, 129.4, 124.9, 122.9, 74.1, 68.0; FT-IR (neat) 3400, 2925, 2873, 1658, 1595, 1569, 1475, 1426, 1191, 1100, 1071, 1030, 899, 783, 734, 696 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~8~H~9~BrO~2~: 198.9759, found: 198.9760.

1-(3-Methoxyphenyl)ethane-1,2-diol **7c**([@cit10c]) {#sec3.53}
----------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.33; liquid; yield 86% (36 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.25 (t, *J* = 7.8 Hz, 1H), 6.92 (d, *J* = 9.0 Hz, 2H), 6.83 (d, *J* = 8.4 Hz, 1H), 4.77 (dd, *J* = 8.4, 4.8 Hz, 1H), 3.79 (s, 3H), 3.74--3.71 (m, 1H), 3.65--3.61 (m, 1H), 2.05 (br s, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 159.9, 142.4, 129.7, 118.5, 113.5, 111.8, 74.7, 68.2, 55.4; FT-IR (neat) 3393, 2933, 2836, 1602, 1586, 1488, 1455, 1435, 1318, 1264, 1155, 1075, 1042, 932, 876, 786, 757, 699 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~9~H~12~O~3~: 151.0759, found: 151.0754.

1-(4-Chlorophenyl)ethane-1,2-diol **7d**([@cit10b]) {#sec3.54}
---------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.40; liquid; yield 79% (34 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.33 (d, *J* = 8.4 Hz, 2H), 7.29 (d, *J* = 8.4 Hz, 2H), 4.78 (dd, *J* = 8.4, 4.8 Hz, 1H), 3.72 (dd, *J* = 11.4, 7.8 Hz, 1H), 3.60 (dd, *J* = 10.8, 3.0 Hz, 1H), 2.90 (br s, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 139.1, 133.9, 128.8, 127.6, 74.2, 68.1; FT-IR (neat) 3422, 2924, 2871, 1643, 1598, 1492, 1405, 1194, 1089, 1013, 890, 824 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~8~H~9~ClO~2~: 155.0264, found: 155.0266.

1-(*p*-Tolyl)ethane-1,2-diol **7e**([@cit10b]) {#sec3.55}
----------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.35; white solid; mp 70--71 °C; yield 84% (32 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.26 (d, *J* = 8.0 Hz, 2H), 7.17 (d, *J* = 8.4 Hz, 2H), 4.79 (dd, *J* = 7.6, 4.8 Hz, 1H), 3.75--3.70 (m, 1H), 3.67--3.61 (m, 1H), 2.34 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~) δ 137.9, 137.7, 129.4, 126.2, 74.7, 68.2, 21.3; FT-IR (KBr) 3400, 2923, 2870, 1771, 1719, 1613, 1514, 1453, 1261, 1180, 1080, 1020, 890, 771, 719 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~9~H~12~O~2~: 135.0810, found: 135.0808.

1,2-Diphenylethane-1,2-diol **7f**([@cit10b]) {#sec3.56}
---------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.32; liquid; yield 82% (44 mg); dr = 2.16:1; ^1^H NMR (400 MHz, CDCl~3~) δ 7.30--7.28 (m, 5.86H), 7.24--7.21 (m, 7.20H), 7.11--7.09 (m, 2H), 4.81 (s, 1.99H), 4.68 (s, 0.92H), 2.97 (br s, 0.95H), 2.33 (br s, 2.42H); ^13^C NMR (150 MHz, CDCl~3~) δ 140.0, 139.9, 128.4, 128.33, 128.30, 128.1, 127.3, 127.1, 79.3, 78.3; FT-IR (neat) 3390, 3059, 3030, 2920, 2850, 1635, 1491, 1452, 1260, 1201, 1037, 845, 765, 698 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~14~H~14~O~2~: 197.0967, found: 197.0961.

1-(Naphthalen-2-yl)ethane-1,2-diol **7g**([@cit10b]) {#sec3.57}
----------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.34; white solid; mp 133--134 °C; yield 83% (39 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.85--7.83 (m, 4H), 7.50--7.46 (m, 3H), 5.01 (dd, *J* = 8.4, 4.8 Hz, 1H), 3.87 (dd, *J* = 11.4, 8.4 Hz, 1H), 3.76 (dd, *J* = 11.4, 3.0 Hz, 1H), 2.62 (br s, 1H), 2.07 (br s, 1H); ^13^C NMR (150 MHz, CDCl~3~) δ 138.1, 133.4, 133.3, 128.5, 128.1, 127.9, 126.5, 126.2, 125.2, 124.1, 74.9, 68.2; FT-IR (KBr) 3414, 3057, 3020, 2932, 2844, 1700, 1603, 1453, 1384, 1260, 1005, 915, 845, 766, 698 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~12~H~12~O~2~: 171.0810, found: 171.0811.

2,3-Dihydro-1*H*-indene-1,2-diol **7h**([@cit10b]) {#sec3.58}
--------------------------------------------------

Analytical TLC on silica gel, 1:2 ethyl acetate/hexane *R*~*f*~ = 0.37; white solid; mp 92--93 °C; yield 72% (27 mg); ^1^H NMR (400 MHz, CDCl~3~) δ 7.45--7.42 (m, 1H), 7.29--7.25 (m, 3H), 5.02 (d, *J* = 4.8 Hz, 1H), 4.53 (t, *J* = 5.2 Hz, 1H), 3.15 (dd, *J* = 16.4, 10.4 Hz, 1H), 2.98 (dd, *J* = 16.4, 12.8 Hz, 1H), 2.47 (br s, 2H); ^13^C NMR (150 MHz, CDCl~3~) δ 142.1, 140.3, 129.1, 127.4, 125.6, 125.2, 76.1, 73.7, 38.9; FT-IR (KBr) 3441, 2951, 2922, 2850, 1637, 1474, 1459, 1432, 1319, 1254, 1187, 1154, 1104, 1063, 1052, 1041, 987, 815, 735 cm^--1^; HRMS (ESI) *m/z* \[M -- OH\]^+^ calcd for C~9~H~10~O~2~: 133.0654, found: 133.0655.

Benzil **8**([@cit3b]) {#sec3.59}
----------------------

Analytical TLC on silica gel, 1:9 ethyl acetate/hexane *R*~*f*~ = 0.56; yellow solid; mp 94--95 °C; yield 86% (36 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.98 (d, *J* = 7.8 Hz, 4H), 7.66 (t, *J* = 7.8 Hz, 2H), 7.51 (t, *J* = 7.8 Hz, 4H); ^13^C NMR (150 MHz, CDCl~3~) δ 194.7, 135.1, 133.1, 130.1, 129.2; FT-IR (KBr) 3064, 2925, 2853, 2000, 1976, 1915, 1785, 1659, 1595, 1579, 1490, 1450, 1323, 1210, 1172, 1098, 1072, 998, 875, 795, 696 cm^--1^; HRMS (ESI) *m*/*z* \[M + H\]^+^ calcd for C~14~H~10~O~2~: 211.0759, found: 211.0755.

1-(2-((2,2,6,6-Tetramethylpiperidin-1-yl)oxy)-2-(*p*-tolyl)ethoxy)-1*H*-benzo\[*d*\]\[1,2,3\]triazole **9** {#sec3.60}
-----------------------------------------------------------------------------------------------------------

Analytical TLC on silica gel, 1:5 ethyl acetate/hexane *R*~*f*~ = 0.52; liquid; yield 37% (75.5 mg); ^1^H NMR (600 MHz, CDCl~3~) δ 7.96 (d, *J* = 8.4 Hz, 1H), 7.38 (t, *J* = 7.8 Hz, 1H), 7.34--7.31 (m, 3H), 7.20 (d, *J* = 7.8 Hz, 2H), 7.09 (d, *J* = 7.8 Hz, 1H), 5.16 (t, *J* = 6.0 Hz, 1H), 5.02 (dd, *J* = 9.0, 4.2 Hz, 1H), 4.77 (dd, *J* = 9.6, 3.0 Hz, 1H), 2.38 (s, 3H), 1.66--1.39 (m, 6H), 1.35 (s, 3H), 1.20 (s, 3H), 1.07 (s, 3H), 0.76 (s, 3H); ^13^C NMR (150 MHz, CDCl~3~) δ 143.5, 137.9, 136.9, 129.1, 127.88, 127.83, 127.1, 124.6, 120.1, 108.9, 83.1, 82.4, 60.3, 40.5, 34.2, 21.3, 20.5, 17.2; FT-IR (neat) 2972, 2931, 2871, 1614, 1564, 1514, 1446, 1376, 1361, 1262, 1239, 1181, 1132, 1086, 1018, 972, 817, 781, 742 cm^--1^; HRMS (ESI) *m/z* \[M + H\]^+^ calcd for C~24~H~32~N~4~O~2~: 409.2604, found: 409.2608.

^18^O Labeling Experiment {#sec3.61}
-------------------------

4-Methylstyrene **1a** (0.5 mmol, 59 mg), *N-*hydroxybenzotriazole **2b** (0.25 mmol, 34 mg), and *tert*-butyl nitrite (0.5 mmol, 59.5 μL) were allowed to freeze in degassed chlorobenzene (1.5 mL) using liquid N~2~ and degassed successively three times. The solid reaction mixture was allowed to melt at room temperature, and the solution was purged with ^18^O~2~ two times. The resultant mixture was stirred at room temperature for 18 h, and a small amount was taken out and diluted with 1 mL of MeOH and analyzed by HRMS.
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